Bacterial artificial chromosome (BAC) vectors and P1-derived artificial chromosome (PAC) vectors are widely used for structural and functional analysis of genomic DNA in vitro and in vivo. The vectors can harbor fragments up to 300 kb in size and show high stability even with alphoid repetitive inserts (7) . For structural analysis, they have great advantages because of their stability and low chimerism compared with yeast artificial chromosomes (YACs). For functional analysis in mammalian cells, BACs and PACs often need to be modified for selection and monitoring of the DNA in the cells. There are several refined BAC vectors available for mammalian use (4) , but, to use them, the large inserts of BACs and PACs isolated from the major libraries (6) must be recloned into these vectors or new clones must be isolated by screening the new library.
BACs can be modified by Cre/ lox P recombination (7) or RecET recombination (9) , but the most commonly used method is to subclone the insert of a BAC/PAC into a new vector (8) . For subcloning, it is necessary to isolate the insert. The isolation of linear BAC fragments is also frequently carried out before introduction into mammalian cells to get stable transformants, as BACs and PACs are circular vectors (2) .
To isolate and/or separate 100-200 kb linear fragments, the most commonly used protocol is to use pulsed field gel electrophoresis (PFGE) or field inversion gel electrophoresis (FIGE), as for the isolation of YAC fragments (2, 5) . This method is efficient for isolating pure and intact DNA up to about 2 Mb. However, the method based on PFGE separation is time consuming. Here, we describe an improvement of the method using a mini-gel system with normal electrophoresis that is widely used in laboratories. The modified method is simple, quick, and reliable for isolating large fragments from BACs and PACs.
First, we constructed a new BAC vector, named pBeloBAC66D1, which has a mutant lox P ( lox 66) (1) and neomycin-resistant gene for the purpose of our future experiments (unpublished). The vector has a Not I site for subcloning inserts, which will usually be cut out from available BAC vectors (e.g., pBeloBAC11) (6) . All materials were prepared to YAC purification grade as described (5) . We used a BAC with the human HPRTgene, bWXD187 (GenBank ® accession no. AC004383), for vector exchange. To transfer the 155-kb insert of the BAC into the new vector, we digested 2.2 µ g BAC DNA with Not I. The digested DNA was applied to a 18 × 6 × 1 mm (length × depth ×width) well of a 0.8% low melting point agarose gel (SeaPlaque ® GTG agarose; BMA, Rockland, ME, USA) and was separated in 1 × TAE at 7 V/cm for 45 min without ethidium bromide staining using a Mini-Sub ® Cell GT (Bio-Rad Laboratories, Hertfordshire, UK). Under these conditions, the large insert fragment (>50 kb) is well separated from the vector fragment (<10 kb), even though linear fragments between 50 and 200 kb are not well separated ( Figure 1A ). The upper limit to prevent overloading was approximately 2 µ g DNA/well ( Figure 1B ).
The DNA fragments were then isolated by agarase treatment essentially as described previously (5) with slight modifications. In brief, a small amount of digested DNA was also loaded to small wells on both sides of the DNA for purification. After electrophoresis, the sides of the gel were cut out and stained with ethidium bromide, and the position of the insert DNA was marked by nicking the agarose. The gels were then reassembled, and a slice containing the fragment for purification was excised from the unstained section of gel. The gel slice was equilibrated with a 10-fold volume of 1 ×agarase buffer (New England Biolabs, Hertfordshire, UK) for 2 h and then melted at 68°C for 20 min. The solution was cooled at 42°C for 15 min, 6 µ L (for approximately 400 µ L gel solution) of prewarmed β -agarase (New England Biolabs) was added, and it was then incubated at 42°C for 2 h. The digested solution was cooled at room temperature for 10 min, transferred into an Ultrafree ® -MC3 0 000 NMWL Filter Unit (Millipore, Bedford, MA, USA), and the DNA was concentrated by centrifugation at 1000 ×gfor 35 min. The isolated insert was completely intact, and no degraded fragments were seen (Figure 1C) . For further purification for special purposes (e.g., microinjection into eggs), the DNA can be dialyzed against any suitable buffer using a Millipore filter (type VM, pore size 0.05 µ m). For subcloning, we directly used the concentrated DNA with the buffer, and the remaining protein did not affect the ligation procedure. At the same time, the new BAC vector was linearized with Not I, dephosphorylated with calf intestinal phosphatase (New England Biolabs) and isolated using QIAex ® II gel purification kit (Qiagen, West Sussex, UK) using standard protocols. The insert (700 ng) and the new vector fragment (15 ng) were ligated at a molar ratio of 3:1 with 1 µ L ligase (Life Technologies, Paisley, UK) in 10-µ L reactions at 4°C overnight. The ligation mixture (1.5 µ L) was used for electroporation into 20 µ L E LECTRO MAX ™DH10B ™ (Life Technologies) using a Gene Pulser ® (Bio-Rad Laboratories) at 1.2 kV, 25 µ F, 200 Ω , in a 0.1-cm width of cuvette (Bio-Rad Laboratories). Spreading 400 µ L out of 1000 µ L media containing electroporated DH10B onto a plate gave 127 chloramphenicol resistant colonies. Two clones out of 10 picked were correctly exchanged (Figure 2 ) (data not shown). We checked the clones by PCR targeted to the neomycin-resistant gene and to exon 9 of the human HPRTgene (data not shown) and by digestion with restriction enzymes followed by PFGE (Figure 2 ). Of eight incorrect clones, five had only the self-ligated new vector, one had self-ligated pBeloBAC11, and two probably had no plasmids. In no instance did we isolate the original BAC clone.
Using this protocol, we could easily and efficiently subclone a large fragment into a new vector. It can also be used for other downstream experiments such as the isolation of linearized BAC and PAC fragments for microinjection and/or transfection into mammalian cells, as pure and intact DNA was extracted without DNA degradation. The DNA could also be further digested and subcloned for sequencing. However, there are some limitations. The BAC/PAC DNA needs to be of high quality at the start because contaminating bacterial DNA could be cloned during subsequent procedures (3). We used Qiagen midi columns for isolation of BAC DNA, and contamination with bacterial DNA was not a problem. According to Davidson et PCR assays have improved our ability to assess the presence and abundance of specific microbial populations in polluted soil. The abundance of target populations that may degrade pollutants can be determined using a competitive PCR approach (2) or a semi-quantitative replicative limiting dilution approach (4) . Detection limits of existing assays based on separation of DNA fragments using agarose or polyacrylamide gel electrophoresis followed by staining and visualization with UV light can be improved by using more sensitive detection techniques. We have adapted the fluorescent dye SYBR ® Green I (Molecular Probes, Eugene, OR, USA) to laser-induced detection of DNA fragments using an automated DNA sequencer to increase the sensitivity and throughput of our PCR assays for the detection of pollutant-degrading bacteria in soil.
Automated sequencers such as the ABI P RISM ® 377 (Applied Biosystems, Foster City, CA, USA) have increased the ease, sensitivity, and accuracy of detection and quantification of DNA fragments. To enable the detection of PCR fragments by laser-induced fluorescence used by the ABI P RISM377, each DNA fragment must be labeled with an appropriate fluorescent dye. Traditionally, dyes are incorporated via primers synthesized with attached fluors or by modified dNTPs during elongation cycles of PCR. These approaches can be costly, reduce product yields because of lower efficiencies of incorporation, and require specific dyelabeled primers for each different PCR target. Nucleic acid stains, such as SYBR Green I, that exhibit a high affinity for DNA in addition to enhancement of fluorescence upon DNA binding may be an inexpensive alternative to labeling during primer synthesis or PCR. SYBR Green I has an excitation/emission maxima of 497 and 520 nm, similar to that of fluorescein.
We routinely perform multiplex PCRs to detect genes involved in aro - 
